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THE LOS ALAMOS SCIENTIFIC LADORATORY APMROACH TO
HYDROGEOLHEMICAL AND STRFEAM XEDIMENT RECONNAIASANCE FOR URANIUM
IN TiE UNITED STATES

3tephen L. Jolivar

ANSTRACT

The Lor Alimon Seientlflo Laborabory of the Unitnd Statea (a onnducting
2 grochomiwil surveoy for uranium In the Rooky Mountain natates off Now Mexloen,
Colnmndn, Wyoming, ard Montnon amd irn Alaokn. Thisa survey is part of a
nitioni]l hydrogeonhemionl and siream acdizent reconmilanance in which four
Departaent of Energy laborutourien will ntudy the urnnium resourcen of the
Inited States to provide data for Lthe Natioml Uranivm Remouree Evaluatlon
program, The roconnalsnanee will ldentify arean having higher Lthan hachgroumd
comentrationn of uranium in ground watern, surfaco wters, aml wvater-tronn-
portivl medlmentn,  The preconnninnanece @t will e combined wilh data from
alrbore radiometrie nurveyn and goologleal naml geophynleal nveatigat lonn Lo
provide an lmproved eotimate for the ecoonomics and avallability of paelear
el reroureesn in the United Staten andl to make Informmtion avaliablide W
{miuntry CFor uae in the exploration amd developsent of urenlhim renoaureen,

The Lon Alnmn Selent iFle Labeoratory baner (a0 peconmlngines an an
extennive terature revlew on geustherieanl mmpling, the mgultn of pllal
nbielteng e almline mpl e programs In Cansl, Franee, Swesd@n, New Sealareel,
and the United Kingdom. The peconmlpmaree comintn of stdmdansiizsg fleld
procoeduren,  data aequinition amed evaluation, arl pabileat. on of  penalts,
Waler amnd nediment mamplen are collietad at o mainal dernity of one pample
It bon per 10 k'’ exeept Tor lake arean of Alanka whiere (k. dennity ta ene
mimple Lieatlon e 4 k', Waler mmplen are analyzed for wranbm by
fluoromelry whleh bt A 000 partn per billion Jower 1imlt of detect hon,
Stneentralt ionn of L addit lonal elmerta In witepr are detersims)” by planma-
aoures embfmsion apeet pegeaphy, AN actimenta e amat el for uraniom by
delhay slenet! pron countf iy and a O parta per BLHHLon fowere TIRYY of detoe® Jon,
whierh Lo owel]l Dl Ve panpes off ueanlua econeepter oo o ntueal ae liment
rampier,  Elemental copeent vl tonn in eslimentn are alt i determimesl by nent paon
activatlon amlyala dor 1 elementa, by z=ray Fluoe: aeemee gt @ clement s, and
by are=poumee omlanton apectipography for & eleaenla, The wmlt {e]ement
wetlyper prwide valimhle data Foer ptiefles coneeening palhffder ecrement sy,
envinmentas pollmtlon, elemental  datpetlat oma,  Adlaperslbon baloe, el
coopomie o Cepoaitan othertr Lhan uranium, An aveprage of 60 amplea s
arstlysedl by eoeh aetly! el mel leed espch work ing day,

T e, nll of Four Hooky Bwiptaln statesn gl aluait MR o Alaaka have
vy tamprle g, Aot 200 O ampelen avee e ool leveled Crom sn e of
nearly 2 LIN K0 k', The phtlonophy, ampling stleudology,  andylfeal
feebipgquen, and pragreasn of the reconmt i are deaceeibel In aeveral pub-
et ol pllot atwly, recopminmanes, aml technleal reporta, The laa Alamn
progeam wan deatignes] o maximlize the (dent IAeal bong of aeantam In terealmm of
varled geogreaphy, peol-we, and elimale ol (0 oqe oF the Largenl geaechemleal
pragram of thia typee g the werld, e o jta diveeaity, fta teethmology
vl e npplie! 1o any eound ry,



TNTRODOCT [ON

In 1973, tha lnltnd Staten Atomio Enorgy Comminilnn initiated a Nullnn:,!
Uranium Reaouron Eva'untion (NURE). Tha NURE progrnm, now ndaini itured by Ll
Departannt of Emrgy (DDK), oonaiatn of hydrgrorhamionl nnd strenm=ned{ment
reconnmalnannca, alrl . rodiomntria nurvays, ami LopLaal gonlagin  atudier
(0SS DOE, 1979).

Thia paper deaeriban Lhe role of Lhe Lon Alamon Minantifia Laharnt ory
(LAM.) in the Rydrogeacheminal arndd Stream Seeliment  Reonnnmiinnnnes  (110R;
initiatad 1n 1975 (EKDA, 197h). The objerllive of e ISR program in 1n
armplole 4 syntmantiao reaonmaiananen of Lhee matlon'a nurfren watara, groad
wntern, and atream medlmonta.  In all likellhnod, datn from Lha YR progran
will not idontify om bodlen, but rather, thay will help outlime greoahemleal
provimen favorable for detalled - 11ow=-up natudinn,  Four DMOE laboratorlen,
Lhn Lawronne Livermorn Laboratory, Lon Alnman Selenlifia Labhoratory, Oak Hider
daneonn Difffaniron Plant, and Lha Savannah River Llaborntory, Lave easslucted Lhe
hydrogenchominnl progrna,

The AN ia eonduct.ing Lhe SR program for Lhe DOE In Lthe Rorcky Mem-
tnin ntaten of New Mexlon, Colorndn, Wyomlng, Monlam, amd Alanka, an well .
‘n partn of Arlzmwm, Unh, amd Linho (Fig. 1). Approrimatcely 250 000 niumpe e
Ffrom mre Lhan 170 000 locallonn within an npproximide 2.7 mlllion ke’ 1l
aren will be mample-l by Lha end of thian survey (Shiop, 1977).  Priorltv arean
are naalmuxl by Lthe ME each Flacal year. Theae arenn are Lthen namplesd by
LAR=tuperviaml aubronbtracetorn,  The LA amlynen the pmpien aml pepaetn e
dntn aceording Lo OK priorities,  ecaeee Large mambers of amplen aee aeellel
durimng thin project, the LASL han developel mpld, conl=crfetlive, ael preedme
coBpuiter=n tomited analytl gl npyatems G ertlpoen by pettem ael tvat on
aralynln, Jdelaysl neatron counting, ar= o plamm=-nearse emls fop apesct pne.
graphy, x=ray floorau enee, aml Floorsmetry,  In ielditbon to g om, Lhorium,
el THHhime amdlynen vreypienbest by the O, the LAY Disdeperelent 1y s 23 e
amalymen for 81 addition] lementa In e IBSR ceporl, To lsimdies he (e
amount. of dala generaled In Lhln pegimg, o sophilat feat el data=loaone m nogpgem *
ayntem hay been aleyelogesl, whilech In capable oFf atoclpg amd nlal iatleal) -
mmipulating an many an 1M plecen of Infomtion Ffor each pEple ey s
thalivar, 1979),

THE ATTHOA TAKEN

Reviewn of goochemieal exploration for aranlim have ey oompllied by
Raglee ot al (1971), Nowde ot 1 (1971), dielwbert (197.0Y, Dadl"Agllo C1O00)Y,
Roae (1977), nmd Sharp axd Boltvar (19800, among olheen, Inoabd i fon, Targe
neale geochemloal aeveyn have been caedieted In Capedy, Finlaeed,  Fronee,
Nowwity, lnitedd Kingolom, aml Lhe WWSE, Ml proeedores el fdean preeaeted in
thin paper are = direel conmpiienss of almllae prograes developed In ol hee
el riea gl of ol aslas! geochealeal smpling el Teen pummael el v Hawhe:.
el Wobbh (P00 gl Lovinam, (1978),

Iniflally, o tUwrvagh 1teraluee peneareh win comelieted on the toples of
uranbhim geonchemiatery, regloml geology, elimate, atraetaee, bpowm (ypea of o
tdeepenlin In the e, prowen mellivdn of eeplovat ton, aml varlmin type: of
ol menlt avallable Corr Fleld anmpling ot Fleld sesximementa,  An Inttial
prageam win aet oup Faaed o this reaeareh, aml In bl bon, o map amd doenment
T1iheary wmn Fformed,
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Because uranium deposits seldom occur under simple geochemical condi-
tions, to develop a successful HSSR program, a thorough test of all sampling
methodologies and philosophies 13 neceasary. Mcst geochemical anomalies
result from the movements of natural waters and =0ils; therefore, it 1s also
necessary to understand the geometry, slze, and type of dispersion patterns
that may exist and how they are influcnced by geology, climate, and topography
(Lovering et al, 1956), This is done by means of pilot (or:~ntation) studies.
The ideal place to conduct pilot studies 1s in the viecinity o known uranium
deposits characteristic of the region being s3tudied, where the extent of
disperaion haloa for anomaiies related directly to ore bodies can uL¢ det-r-
mined. The areas should nol be contaminated by human activity so that natural
geochemical potte: s can he obacrved and comparel to background levels in
unmineralized terranc (Hawkes and Webb, 1962), Howrver, such arean may not be
avalla e or miay be limited to osmall depositn, Studles should cover the il
range of environmuental and climate conditionn typienl of the study aren
(Bolivar, 1979). The pilot studies completed by the LASL are shown in Fir, 1
(Sharp and Aamodt, 1976; ODla~n, 1977; Aamndt, 1978; and Sharp et al, 1977),

The LASL cenmpiled a field procedures manual that explaina the purpone of
the program; the care, callbration, and use of field equipment; and tho general
proceduren tn be foliowed for all aspects of the program (Sharp ind Aamodt,
1978). Beciause varylny methedn of collectlon and sample nreparation arfeet
the senaftivity of geochemienl surveys, fleld procedures an' equipment. are
contimcunly updated, and plTot ntudlen are conducted for ench new reglon,

Samplen are collected by subecontractorn aceerding to aysatematie and
atandardized sampling proacduren an outlined in the asample collection manual
of Sharp and Anmodb (1978). A1l field equlpment receanary to eolleect aamplen,
intluding aample viala and data forms, and to take and vecord the voegquired
mearuarement st are provided by Lhe LASL, Subcontracted field personns)  are
required to attend n short trainipe covrne during which the objectiven of the
program, nampling methodology, and care and caliberation of field equipment cpre
timght,,  Samplepa are required to be able Lo read o topogrephle map and recog-
nize geologie regimen,  The DOE providen tdentiflioatton cards waleh are Laaaed
by LASL personnel fter o proapective sampler attendn Lthe teaining courae,  In
addition, the LASL providea a publice pelationn brochere, weitten Jor the 1ay-
man, explaining the HISR (Aamodt, 1977),  Laboratory perasapnel are preasent in
a aupervinoery capaeity to monitor Lthe aampling ol provide helo with equlpment
mal Cunctiopn and obtainlng neceonn Le private property

Contracl, arevan gonorally cover one ot more Natlonal Topopraphic Map
Serden (NTMS) quadranglen; each NCMO quadeangle conatabs of an area of 1% 1at 1=
tude and 2° or 3° longitude,  Acceean requiren foae=chonl delve vehlelen, whiloh
wmally are provided by Lhe aubeontractor,  However, asample collection in onome
mountatnoun Lerradnsy Involyen the uae of horaen or backpacrk g, Mozt arean In
Alanka are nampled by une of hellcaptoeen

FIVLD ORSERVAST TONS ,

In o reconnadananes progream, chaneesa are high tha' any pactiacalar nample
loeation will not 1 pdviafted,  Therefors, 11 a0 enaential Lo pecord ald
fleltd monsurerenta and ohaervat fonan at. Lhe collection nfte,  To do thaa, the
LASGL han developed n o dali form oon whilich *he aampler can recomd *he eanple
type,  location, weather,  poasible contaminanta,  Cleld  omearement s, and
gealogte obaervat tonn (Flg, &), Fletd obaopeval fonse are numbor coded and ean
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be recorded in minimal time. Each form has additional space for comments or
clarification of infc..aation, This field data form produces four carbon
copies and is weather res.stant. Coded prenumbered adhesive stickers are
attached to each data form and are placed on all samples so that the state and
qr~drargle from wnich the sample was taken can be identified eausily,

The following observations are generally recorded at each location site,

location - The LASL =upplies subcontractors with at least two coples of all
field maps. These maps are generally 7.5 minute (1:24 000), 15 minute
(1:62 500), NTMS topographic (1:250 000), or planimetric county road
maps. Each map contains a sample grid and/or premarked sample loca“ion
After sample collection, locatirns are marked on the field map. Later
these locations are transferred to an unrolled copy on which latituce
and longitude can be calculated.

woeather - Seasonal cliratic conditions may drastieally affect uranium con-
centrations in surfarée waters and, to a much lesser extent, in seaiments
(Fix, 1956; Germanov et al, 1958; Doi et al, 1975; Rose et al, 1976).
Consequently, hydrogeochemical surveys should be completed as rapldly as
possible, During periods of high runoff, ncrmal uranium concentrationa
may be diluted, whereas after a prolonged drought, uranium concentra-
tionz in runoff may be increased for a short peri.. (Peacock, 1961;
Lopatkina, 19Al),

relief - Several elements, including uranium, in both surface waters and
scdiments tend to have relatively short disperalon patterns irn areas of
high rellef (Chamberlain, 1964), Furthermore, access to water may be
diffleult and sediment. may be abaent locally., Therefore, sample denni-
ties may have to be increaned so that adegunate coverage can be nbhtalned
in areas of high relief,

geology - Uranfum content In both water and sediment generally reflocts
the local geology. For example, tacaune of complexing of uranium with
carbonate lonn, a ntream flowing over carbonate terrane would tend Lo
have a higher uranium content thin a similar stream flowing over aili-
ceous terrine (Levinaon, 1974), Sediments from acidic igneousn roeckn
guenerally have greater uranlum concentration than sediments from other
»~ook typen (Rogers and Adamn, 197uv), Also, ground watera that clrculate
along fractures and faulls may countribute algnificant amounts of uranlum
an well an other Lrace metals (Doi ot al, 197H; Dyck, 1975). Con:ste-
quently, the Joeal geology may be one of the most important obaecrvation:
Lhat. will help in Interpretation of the data,

contaminaticn = ALl sueren of contamination, sueh an mine witern, taillngn,
trash, and man-made atructuras (such as bridgen, culvertn, and well
eaningn) are avolded whete ponaible, However, any potential contaminant.,
nuch an uranfum=rich phonphate fertilizera, i{n noted on the dala form,

vegatation - In terrain contalning abundant. vegrtation, relatively short
diaperanton teadan in aurface water oan remult.  Thia gonerally reaunltn
from organfe matler abnorbing uranium frem Lhe watoer and conaoguently
Incroaning the urantum conesntreation in sedimonta (Dnll'Aglio, 1971;
Dyek o nl, 197N),

- b



FIELD MEASUREMLNT3

Of the measurements commonly recorded in reconnalasance-scale explonra-
tion, the following are relatively easy to measure and are routinely taken by
field persorincl at ali localities,

pPH - In general, as pH decreases, uranium content increases, However,
benausa uranium is soluble over such a wide range of pH (Grimbert and
Loriod, 1968), its measurement is important to interpretation only when
extreme values ara encountered (Ostle and Ball, 1973).

conductivity - Uranium concentrationi in waters of a given region generally
correlate with concentrations of major components (approximated by con-
ductivity), 1.e., an increase in conductivity will usually correspond to
an inerease in uranium content in natural waters (MacDonald, 19h9;
Dall'Aglio, 1971; Dyck, 1975),

Lperature - The temperature of water affects the rate of chemical and
hiological reactions which may influeince the concentration of uranium
(Flx, 1956; Ostle and Ball, 1973),

equivalent uranium - Scintillometer measvrements of "shield in" (lead shield
aovers sensor) and "shield out"™ readinga allow an equivalent uranium
value to be calculated, which then can be used asa a ground truth tie for
airborne rarilometric data. A high equiverlent value may be an indication
of mineralization of uranium and thorium daughter products (Whitehead
and Brouks, 1969), E»swever, selntlillometer measurements are for total
gamma radiation,

In genrral, field measurements in the Rocky Mountain states are taken by
use of small, lightweight, battery-operated portable field instruments, Tvpi-
el pH meters welgh about 0,5 kg, can be earily cialibrated in the field, are
temperature compensated, and have a +0,1 pH precision. Spare probes fan
reardily be exchanged, Conductivity metera, similar in aize and weight teo the
pll meters, can measure up to 50 000 ymho/~m {+1%) and are easily calibrated by
une of a atandardized KC1 solution,

A1l temperatures are measured with preecalibrated thermometers, The air
temperature in the ghiade 18 recorded to the nearest Celefus degree, The water
temperature is usually recorded to the nearesnt 0.5°C. Ground radionctivity is

camired with portable scintillometera,

Tn Alaska, {nsatruments that combine pH, conductivity, temperature, and
dinnolved oxygen measurements are ured,  Thense water quality checkora are
lightweight {nstruments having the veraatility of making theae meaaurements
with only une piece of equipment, are battery operated;, and ean be rechargnd,
These are alao {deal for une In arean of 1ifficult accerun. Temperature (0 to
ho°c, 40 5°C), oonductivity (0-2000 pmho/em, +% ymho/em), pH (0 to 1N,
+0.1 pH). and dinnolved oxygen (0 to 20 parts per million (ppm), +1.0 ppm) can
be measured,  Becauns of thelr vepraatility, thear inatruments are also being
{mplemerted for uae in the Rocky Mountnin atates, and portable inntruments
ment.ioned above will be nard an backup equipment.,



SAMPLE COLLECTION

The LASL uses separate collecticn procedures for samples collected
either in the Rocky Mountain states or in Alaska (Sharp and Aamodt, 1978).

Water samples. Tr the Rocky Mountain states, about 50 ml of water are
collected in two 25-ml pclyethylene vials that have been prewashed with dilute
nitrie acid. Ground-water samples are collected from either wells and springs
as near the emergence source as possible, Holding tanks are not =sampled,
Stream waters ar . collected from the flowing current away from the bank. All
waters are filteced through a 0,45-u membrane and acidified to pH <1.0 with
8 M reagent-grade nitric acid, All water quality measurer nts are made with
instruments previously discussed.

In Alaska, 50 m] of water are collected; however, due to the high purity
of the water and the high transportation costs per sample lo.ation, the time-
consuming operation of filtratinon is omitted, Fie >y measur >ments include
dissolved oxygen and are usually taken witi water quality checkers, previously
described.

Sediment samples. About 1 kg of seciment is collected from At least
threc. adjacent spots »t euch loration. The 3ediment must be water transported
and taken below water level (if water is present) and must contain enongh
organlc-rich, fine-grained particles to fil' a 25-ml polyethylene via.. 1In
lake areas in Alaska, the sediment 1is cnllected with a specially designed
11-kg, suction- operated bottom sampler thit cun be dropped from the side of a
helicopter, The sample 13 usually collected with a polyetnylene scoop and pul
Into a rip-top polyethylene bag which 13 labeled both inside and out. The
subcontractor dries the samples at <100°C and s eves the samples, retaining
only the fraction that passea through a 100 mesh screen, which the LFSL hay
determii.ed is optimum for identification of uranium (Olsen, 1977).

Sampling denaities. Based on extenslve literature research of recon-
naissance programas 1n similar terralns and based on the results of pilot
studies (Sharp ard Aamodt, 1976; Olacn, 1977), the LASL selected a nominal
sample density of one 1location per 10 km” for the Rocky Mountain staten,
This sample denslty was selected to optimize recognition of uraniferoun
terranes, on a regional scale, for all physiographic provinces In LASL'n
sampling area. All samplc locations in the Rorky Mountain states are pre-
selected by LASL personnel. Surface sireams are selected to represent draln-
age areas of about 10 km®. Sites which cannot be reached in the field are
reselected to approximate the original drainage area a:i closely as possible,
For sampling in Alaska, a pattern containing 22-km” Zrlds 1 marked on field
maps, and helicopter pllots select all sample locations from lakes an near as
possible to the center of each grid aquare. Alaskan atreamua are ssmpled at
twice this density or two sample locations per 23 km'.

SAMPLE AND DATA VERIFICATION

Occanionally LASL personnel collect control aamples in the fleld, How-
aver, field superviolon consints primarily of teachlng samplers correct
sampling procedures and checking to insure these proceduren are ffollowed,



After samples arrive at LASL, they are checked a_'nst the respective
cata form to make sure they are complete and properly laheled as described.
Samples are sorted and then sent Lo the respective lzboratci'les [or analysis
(Fig. 3).

After the data forna are keypunched, the data base 13 computer edited by
a verification program to insure that all field data aie consistent. Any
samples that have inconsistent information, e.g., one sample with two sawple
numbers, are removed from the d1ta base.

The LASL digitizes all sample locations from the ficld maps, The digi-
tized results are generated by computer overlays io the field maps (usually
1:24 000 scale). Any locations plotted incorrectly are rorrected and entered
into the appropriate data base. Since a typleal LASL contract area is
20 000 km? (with 2000 1lecations), more than 100 maps and overlays must be
checked in this manner for each contract area,.

ANALYTICAL PRCQGRAM

Anclllary Elements

In searching fcr uranium deponits, the major element of interest is ob-
vinualy uranium. But certain other elrments may form a much wider disperslon
halo resulting from thelr chemical behavior and weathering characterlsatics and
may act as supplemental indicators of uranium, The indicators or pathfinder
elemrats most commonly used in uranium exploration are molybdenum, sulphur,
lead, araenic, vanaiium, zin2, copper, nickel, and cobalt (Hawkes and Webb,
1962), Other elements, such as gold, tin, and tungsten can be analyzed for
their nown worth, Hare-eai'th elements provzide a basis for in-iepth geochemical
studies, par.icuiarly with respect to the asaociation of uranium with resls-
tate mlnera.s such as momzite, In general, the mure elements sought, the
more poteatial value the analytical data have. The particular elements
sclected for analynis depend on pliot asurveys, analytical facllities, and
funding constraints., In adlition to the elements liated 'n Table T, LASL aluso
reports molybdenum, arsenia, saelenlum, and zirconium (by x-ray fluorescence)
in sedimenc, and vanadium (by plasma-source emission :npectroscopy) and arsenice
anl selenium (by atomiz absorption sapectrometry) in water for certain areas,
a8 requeated by the DOF, The flow scheme for nample distribution is shown In
Fig. 1.

Flunrometry Facility

All water asamplen are [nltially ernalyzed for uranium by fluorometry,
Dupliecate 0,20-ml water ,.mple aliquotn are tranaferred to apeclal fabricated
platinum dishen, Each set of aamplen {n dried under heat lamps, then a 0.4 g
pellet of 2% LiF-98% NaF flux in added to each dish and the aamplea are fusned
over rotary funlon burnera. Tha fuaed pellets are trannferred Lo one ol four
fluoromntern, exclted with ultra-violet radiatlon, and the f[luoreacenor In
recorded,  The uranium concentrationn are determined uning a computer routlne
which conparen the fluorescence from each pellet, with thoae of pellein from
atandard uranium solutions and blankn run in the same set (Hues ot al, 1977).

The lower limlt of dabection by normal preceduren is 0.2 ppb., However,
a sample that Ia found to have <0.? ppb uranlium {3 routinely reanalyzed after
an avaporative concenteatlion slep that providea a 10X conecencration factor,
Thia atep reducen the lower limit of detection of uranium {n natural watera to
0.02 Lpbh.  When a uranium concantration in <0, 02 ppb, the aample ia urbitrar.iy
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TABLE I

LIMITS OF DETECTION AKD METHODS OF ANALYSSS FOR MULTIELEMENT ANALYRES
(detectiosn limits are ppm for sediment and ppb ¢ water)

& Minimam Sample Minimum Sample

Element Detection Medium Element Detection Medium
NEUTRON ACTIVATINON ANALYSIS Y.-RAY FLIJORESCENCE
Al 200 Sediment Ag ¢ Sediment
Au 2.1 Sediment Bi 5 Sedimont
Ba oo Sediment Cu 10 Sediment
Ca 5000 Sediment Nb 20 Sediment
Ce 10 Sediment Ni 15 Sediment
Cl 200 Sediment Ph 5 Sediment
Co ? Sediment Sn 10 Soediment
Cr 20 Sediment W 15 Seaiment.
Cu P Sediment Cd 5 Sediment
Dy b Sediment
Eu 0.% Sed {nent.
Fe 2000 Sediment ARC=SNURCE FMIASTON RPEFTROS"GR!
Hf 1 Sediment
¥ 0NNo Sediment. BRe 1 Rediment.
L.a I Sed imen’ I.1 1 Serdiment
L.n nno2 Serd iment.
Mg, NN o dimendt.
Mn 10 Sad iment. PLASMA SOURCE FMISRINN SPECTROCCOPY
Na 160 Sediment
Rh N Sediment Ca ey Water
Sh 1 Sediment Co "h Water
Sn 0.1 Bed iment n i Water
Sm 0% Sodimert Cr N Water
Se 3n0 Sed iment. Fo ah Water
Ta 1 Radiment. My o Wit o
Th 1 And imnnt Mn 3 Water
Th 0.8 Sed fment Mo o Water
™ 200 Sediment. Ni o Witer
N H Sediment Ph 200 Wnat.or
Yh D Sed{ment. Ti H Witer
on 0 Bediment n 0 Watoer
DELAYED NENTEON CONNTINGS® FLUOROMET RY ##
n 0.0 Sodiment. " 0,00 Water
U 0.7 Wit or

L] Rpcanae of  elementnl Interferenee,  the detec lon 1imita fop thone

elements determined hy NAA yill sahift an a function of the componit lon
of the aedimont,

LA A1l water namplen having uranifum concentrationa >SHO ppb are reanalyv-od
by delayed neatpron count Ing.



assizned a value of 0.01 ppb. Samples having greater than 40 ppb ar~ sent to
the reactor group for reanalysis by delayed neutrcn counting (DNC),

Analyses are stored on a magnetic tape cassette and later transferred to
the central computing facility. Throughput 1is presently 200 samples per day.
The throughput for 1979 was about 40 000 analyses (Aamodt et al, 1979).

Enzrgy Dispersive X-Rry Fluorescence

Ar. energy-dispersive x-ray fluorescence system is used to determine nine
elements in sediments (Tahler I)., Two x-ray fluorescence anilyzers have a
throughput of 180-200 samples per day including blanks and stendards. A third
analyzer is used for special elements (such as molybdenum, arsenic, selenium,
and zircon): however, if all three analyzers were used simultaneously 279-300
samples could be analyzed per working day (Morris et al, 1979).

Each system consists of an automatie 2U-position sample changer, a
lithius-« rifted silicon detector, a pulsed molybdenum transmission-target x-ray
tube, a multichannel analyzer, and 2 minincomputer., Sample splits are prepared
for analysis by grinding 6 g of enc' sampla “¢ a minus 325-meah powder, A coin~
puter program positions the 6-g sawples in the x-ray beam, unfolds overlapping
peaks, determines peak irtensities for each element, and calculates the ratio
of the intensity of each pecak to that of the molybdenum Ky Compton pecak, Cuon=-
centra:ions of each 2lemen'. are then calculated using cquations obtatned by
analyzing prepared standards. Detectlion 1imits are glven in Table I, The
relative standard deviation is 10% or less at the 10C-ppm level and 20% or
less at the 20-ppm level. Detalls of the methnd and equipment used are
described by hansel ard Martell (1977).

Are-Snurce Emiasion Speclrography

In sediments, twoc elements, bLeryllium and 1lthium, are analyZed by onis.
sion spectrography. A 7.5-mg portlon of the minua 32%=-mish sample that han
already been analyzed by x-ray fluorescence 1n mixed with a graphite-niliea
buffer. This mixture is placed into n geraphite electrode that in used as the
anode o™ a de are., A 6-3 exposure of the resulting spectrum is made on a
direct=readine spectrograph., Photomultiplice tuben arc used to measure the
apeatra llnes of Be, L1, and V and the background aspectra near these llnen,
The signiala from the photomultipllier *tubea are interfaced to a data acquinl=
tion ayatem, Stabilizatlon of the aspectrograph in achioved by maintaining
rigid temperature coatrol of the grating and the foeal carve contuiadr,; the
exit, allts, and by providing two mercury reference llinen bLolween each nample
anc'vnia,  Vanadium o monitorwe! in order to correct for fLn interference with
the beryllium determination. The pesults are almultansounly printed on paper
and weltten on casaetle tape for late tranamisaion t5 a computer data flle,
The eclemental concentratlorna of Be and 11 are determined from the apectra,
baned on the renulta of proavioualy run edllbeation ntandardn, he lower de-
toction limit for bolth elements Lo Y ppm,  Prectaion at the lower detection
limtt. [a ~50% for both and improven to =245% al one ord. of magnitude nbove
the Jower 1init, The throughpitl. of thia aystem ia 200 annlynea per day. 1In
1979, the throughjul wan more Lhan S50 000 aamples (Morria et al, 1979),

Planma-jource Emisnion Speetrogenphy

Al wler samplea are now annlyzed for 10 elementa (Tuble 1) by in-
furtivaly coupled plaamn emlanion apeclroncopy. To allow complete ayntem
cquilibrat ton, the Inductively coupled plasmn and photomultiplier tuben are
wivmend up o0 ol leant. 1 h prior to making any anlynen,  Argon coolant amd




sample carrler gas lines are adJusted and calibrated using a zine standard.
The sample =solution 1s taken up from its container, nebulized, and injected
into the plasma source at a rate of 9.2 x 10-9 m3/s.

A plasina-therm inductively coupled plasma is used as the source. After
the computer determires that the phctomultiplier tubes have stabilized, a 5=
exposure of the reail.ant spectrum is made on a direct-reading spectropsraph,
Stabilizaticn co1' the spectrograph is achieved by maintaining rigid cont.~ol of
the grating and exit s.ot foeal curve temperatures, and by profiling two mer-
cury refercace lines hetween each sample analysis, Additional stability is
attained by air-conditloning the room in which the spectrograph 1s situated.
The resulting signals are read directly into a computer, and converted auto-
matically to give the elemental concentrations, In addition, beryllium,
sodium, and silicon are monitored. Interelement effacts for each of the 15
elements monitored on the other elements are determined and usad in correcting
values for Lhe 12 elements roported. Background corrections are made hy
running blanks, and control samples are run regularly, When high (nff=scale)
results are obtained, the computer calls for the ins:rtion of a filter between
the plisma source and the spectrograph, repeats the readings, and then con=-
verts and stores the corrected elemental concentrations. Analytical precision
for the elements as cdetermined for water by this method is =50% at the lower
detection limit, {improving to =10% one order of magn:tude ahove the lower
detection Limit and to =5% two orders of magaitude above the detection limit,

The throughput of this system is 100 samples per 9-h day for samplen
exclusive of satandards and controls. In 1979, the throughput was ahout 17 0n0
samples (Morris et al, 1979),

Certaln elements analyzed by plasma-aource emission spectrogr:phy are
subjeet to coertain annlytieal interferencea, For example, large concentria-
Liona or caleium in a water sample may cause abnormal concentration readin n
for 1ead and malybdenum resulting in a iower procision of lead and molybdenum,
Conanquently, a dunl-grating, high-reaclution, direel reading speotrograph s
under conntruction, Thin inatrument will permit monitoring of 200 apectpal
Tires and permit more accurate incerelement-effect correctionn,

Noulron=Activation Analyain

The neutron-activation annlyala (NAA) avstem at the LASL repreaenta n
atate=-of=the-art syatem which producesa preclae valien for uranium and 31 other
elements in sediment aamplen, All aamplen are run tnrough one of two compute,-
controlled pnoumatic sample=handling anyatemn, Fach nample In teradlated twioe
nnd countled a total of three timen (Table TT): ance for delaved neat ron
counting (DNC) for uranfum and twice for gamma-ray apectrum ecountn for 31 othep
clementa,  hoth nample trannfer and dota acquintition are entirely automn’ ed
(Nunes and Weaver, 1978),

M1l acdiment aplita (regardlesa of which [ ~'1{ty anpalyzen the aample)
nre made {n a "eloan room," Foup-ml peabbita, the coatalnern In which the
anmple undergoen irradiatlion, are loaded with approximatsly 4% g of sample,
although a: 1{ttle an 0,% g may be unnd, Thene rabbita are then loaded Inta o
H0=anmple tranafer clip.  The reactor pneumatic transfer ayatem and background
radiatios levels are checkad, axd atandardn are run for ealibeation. The
tranafer clip 1a inatalled and Lhe anmplen are eycled through the syntem.

The urantum concenteation in mitomatienlly meanured aftor 0 n by DNC,
converted to ppm, and entered Into the data bane,  The lower 1imit of degeea
tion of thin method in 20 pph (nol. ppm) urantum, which {a belew the range of
uranium concenteations in nataral asdiment. aamplen,  Aboye the 1=ppm lovel,




TABLE TIT

STEPS TNVOLVED TN TRRADIATION OF A SAMPLE
FOR NEUTRON ACTIVATION AHALYSIS

Stepa Operation Elapred Timn (secrnds)
1 20=-n irradiation 20
2 10-3 delay 30
3 ?0-1n delayed neutron countine ¢
i 20-min delay 1280
5_ 500=5 y=ray count (day shift) 1760

for Al, Ra, Ca, Cl, Dy, K, Mg,
Mn, Na, or, Ti, V

J 120=-n irradiaticn 1820 (=20 min)
7 ? wenk delay P owenke
b} 900=n y=ray count. (nlght shift)

for Au, Cr, Cn, Cr, Ca, En, Fe, 0, La,
L, Rb,Sh, Se, Sm, Ta, Th, Th, Yh, Zn

Notr: There are two aeparate analytieal syntems:, Fach syatem han one delaved
nentron counter and U Ge(L1) detentors and s eapable of analysine 200
samplen por working day. A aample enlorn each syntem every 100 neoconds,

the uraniun valuer in sediment meanued hy DN oat the LASL have o one=nigmn
error of lean than HE (Anmodl et al, 1979),  The specfally dealgned delaved-
nen'ron  detoetorn, itk by the LASL and uned  fop thene analynes,  are
deneribed by Balestreint ot al (1976),

After uranlum 1s eounted hy DNC, 30 elemsnts nre determined by pamma
count.ing, The remtining 19 slementn are determined by y=ray counting fol-
lowing the po=ipradiation and two week delay,  The y=r eounting s done by
1ead=shielded Gol(LE) detetors; Lhe dN06G=channel y-ray data ape pecorded nnd
aubacquent.iy nnalyzed for each individual slement by computer,  The analvtleal
data for each sample are automatieally printed out. nlong with the asnaciatel
ntatiatieal errorn, The data are ntored on magnetioc diak tapen until they ean
be treanaferred to the central eomputing facility nand entered into Lthe appro-
priate HSSR datn bane,  Current. "typleal" lower . stection 1imitn for the
olements dotermined by NAA are in the ppm range nn reported in Nunes and
Weaver (1978); however, Lthe actual deteetion limit for an element. denendn upon
the compoaition of Lhe aample, so chia limit may be higher o lower than the
ntyplieal® value, At ooncentration valuen e opder of magnitnde above the
lowor detoction Vimita, the r intive errora are generally lean than 10%,

Hoth syatemn have a combined totnl throughput. of N00 namp.en per day,
The vanrly thircushput zreatly exaeosds 50 Q00 snmplen,

Uranium Determination in Water Somplen by DNC

Only watera with 10 ppb uranium (an determined by fioorometry) or thone
with tmpurition that eamane  interferonce with uranfum-{nduesd finerescences apee

-14--



analyzed using DNC, Samples are transferred to clean rahhita before being
analyzed, FEach water sample is weighed, then lnaded into a 2R-aample transfer
clip, The reactor nneumatic tranafer system and backgrour. radiation levels
are checked and four standards are run for calihbration, The tranafer clip is
Inatalled on the pnevmatie feed line and the samples are cycled through the
system, Tvpically, '« 60-s irradiaton, 37-a delay, and f0-3 count cycle is
used. The neutron count rate 1s automatically measured, ronverted to pph
uranium, and entered into a computer da!a base., The lower detection limit for
uranium in water by DNC as used at the LASL 1a 0.2 ppb. The atatistical error
of thia method 18 =20% 4uv a uranium concentration of 1 ppb, =6% at 10 ppb, and
<4% at 4O ppb or greater, tatistical treatments of uranium concentrations
obtained from the same suitea of samples analyzed both by fluorometry and DPNC
hiave ahown that there ia no nignifieant difference between the resu'ta of the
two analytical methods an uned at the LASL, Thia aralvtieal comparabiity ia
rechecked periodically,

Central Computer Facility

The LANL data=barse management. group employs a general=purposce, data.baqe
managemant system (Nie ot al, 197%) to maintain and organize the field and
analytical data for the HS5SR projent, The data=base managoement system is used
with about. Th programa to 1oad the field data, cheek the data ‘nr econslateney,
and 1nad analytiecal reoanlta (Cheadle, 1077 apd 1078),

The samples and analytieal datn are grouped Irto data banea ceecrding to
NTMS quadrangle boundarien (Sharp, 1977). Earh data bane storen abont. 138
variatiles for each anmple and oncceuplea about. 125K wordn af rore, At proenent,
Lhere are about 220 00O sample loratiora stored in 158 data hanen; some dnta
baren are In Lhe proceas of being loaded, some are in maan oorage, and mome
are on disk.  Each nample loratien in annneated with o number ~7 aaded tinld
measurementn amd obonepvations and up to 1 water and W5 nediment annlvaen,
There are about, 25 million plecen of information in readlly available form
(¢, MeTnteer, personal eommuni-ation, LAGSL, *280), A douhle tape backup on
each data bane In madntalined and apdated after eael leading oparat len,

EVALUATINN QF DATA

Onee all samplen ffeom an area have beeny anillvzeed for uranium and other
clementa,  the mearured concentrationsn are eptereod tnto the appropeiate ata
haste nt Lhe centeal eopputing factility (Fig, ). A maxtmum ef'fort ia . e hy
nll LASL personne]l Lo cheek the data fo make maee fhey  are analvideally
caorrect hefore heing, reloaned,

Each report. containe o malte of atandard hiatogeam: Cor each nample type
(ntream watepn, atpeam Ledbmentn, ete,), Thene hiatogramn ave uned hoth to
evalmate Lhe data and to entablinh peancanable 1inita in aeleecting interveln
for the varloun concentration ovorlayan, whieh are alano ineluded with each
roport,  Thene concentration overlayn are all produced nt o 1:50 000 acale to
be uaed in conjunction with the appropriate 11260 000=ncale geologle and topo-
graphie mapn,  Geologle map:, when not avallable at. thia neals, are compllod
and Ineluded with Lhe repostn,  Concentration overinyn, one each for n sample
loention, n uranfum concentratien In watern, ecenductivitien tn watera, aranium
concentent ltenn In noddnents, and  thorlum  cencentrationn In acdimentn,  are
fnelnded with the peport,  An example off a uranium concentrent fona overlay fop
nediment. ta sahown tn Fig, B, Appendixen fpelude Tiatingn of field data and
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elemental concentrations for both waters and sediments and a summary of
standard LASL HSSR procedures and codes,

Standard reports also contain approximately 10 to <l pages of text that
includes sections on geography, weather, geology, hydrology, geochemical
considerations, and known uranium occurrencea in the area. Empirical and
statistical evaluations are concise and generally refer to uranium data only;
hiwever, all analytical data are included in every report, Data releases are
ar abbreviated type of report and includ: only histograms, ovérlays, and data
listings. All reports are made availahie to the publie in hoth magnetie tape
or report form.

Potential Uses of Data '

The LASL personnel are now examining the analytical data in great detail
and have been employing several multivariate statisatical programs as an aid in
their evialuation, For example, BRolivar and Hi1l1 (1979), in an HSSR report of
the Craig NTMS quadrangle, Coloradn, were able to delineate several arean
favorable for uranium mineralization ualng empirical evaluation methods,
Planner (1080) showed a correlatinn betweea structure and uranium concentra-
tions 1in thia quadrangle by emplovying a "moving average"™ method of data
evaluation, Alan, by using both a moving average and krigeage techniquen, he
wan able to i{dentify a known area of mineral.zation that the evaluation of
iinlivar and Li1l1 (1979) did not aubatantiate,

By use of matrix correlatlion coefficientn, seattergram plots, and factor
anialy=in, Neyth et al (19R") wepre further nhle t¢ ldentir'y and pinpoint arean
in the Cralg quadrangle favorable for uranium and base metal mineralizatlion,
Joma areas Lave characteristiec low uranium concenteations in watera and nedi-
ments and general examlnaltlon of dala from thene arean may not roveal potentinl
exploration reglionn,  However, nophintionted atatistieal trentment of the data
helpa to fdentify thene arean, Furthormore, theae Jatter atudien dramnt ieally
reveirl some of Lhe potentin) uwasan of the multielement. datn In an HASR report,

Other potential unen of HSSR data Inelads trace<elonent character{ant {on
of mineral deponita, s-rategle metala esvatuations, water quality atndlen, na
ground treath dnta aet. for remot.e aenaing, nendomie ntudien tnvolving the pela-
tion of elementn to geologie formationn, health atudlen, eatabiishing bhane
Itnea forr pollution atudien  and complling a national geochemieanl atlian,  The
induatrin)l  and aeleptiflie comminitiea are only beginning to ntl{se anld
renlize the potentinl af the onormoun volume of data gonesaied hy the NG,

SIMMARY

Sinee April 1975, the LALL hnn ealtabiiahed an eftective and eapable
hydrogeochemieal and  atream asdiment. ereconnalzanances program, aanedd o an
oxtonaive peview of world 1tepature (Shaep and Bollvap, 19800, the resulta of
sovernl pllot stadien (Sharp and  Aameit, 19765 Olnen, Q77 Aamodt 1078,
Sharp ol al, 1979), and in keoping wilhin funding conatpainta, the LASL han
developed  atandardized aampling procedupen (Sharp  and  Apmodt, 1978 it
emphnal ze Lhe determinat fon of uranium concenteations in both antural walern
antd waterborne sedimenta,  Water and/or asdiment aamplexn are collected  fros
npproximately  onch nominal 10 km”, oxeept  In Iake arean of Alanka where
amplen are collented every nominal 3 km', The LASL arsa {ncluden the
ataten of New Mexien, Colorado, Montana, Wyoming, and Alaska in which 165 000
witora and 18L 000 asdimenta have bheopn ool leeted (e off May 1980 'popl 20 000
Toead bonn (Noltvar, 19/9),

1



In order to 1implement this program, LASI. has developed automated,
precise, and comprehensive analytical aystems with extremely large throughput
capahilities, For example, over 50 000 samples are analyzad for 31 elements
annually by neutron activatior, Complementary statistical routines were
developed to manage the tremendous quantity of analyticel data generated in
this study (Cheadle, 19/7 and 1978; Kosiewiecz, 1979),

All wvater samples are analyzed for uranium by fluorometry (Huea et al,
1977) and for 12 other elements (Tabhle I) by inductively couplea plasma
emission spectroscopy. .

All sediment samples are analyzed for uranium by Aeinyed ncutron counting
and for 31 other elements (Tahle T) by neutron activaticn analyais, Sample
tranafer and data acquisition are entirely automated and represent a state-of-
the-a~t. system (Nunes and Weaver, 1978). An additlonal 11 elements are dorlar-
mined in sediment samples by energ; dispersalve x-ray fluoreacence (Hanael and
Martel., 1977) and arc-source emlsation spectroscopy.

Data are reported according to NTMS quadrangle houndaries, Data are
relenaed to the nublic in both printed coples and magnet.ic tapes. FEach report
contains data liatings for earii saample location; each location han a number of
flield measurs menta and ohaervat.ion’ and may have aa manv as 13 elerent analyaen
in water and 43 erlement analynes in sediment samplen, tograma for ench
aample Lypa and aeoncentration overlays for aample lneationn, uranium conecon-
trationn in water, uranium concenteationn in sedimenta, conductivities in
aters, and thorium concentreailonn in aediments are alao {ncluded, A1l overa
lays are at a 1:250 000 acale for une with NTMS topoeraphie and geologie mapn,

Refined satatiantiea) technlques are now being uned to {dentity geochem!.-
cally nnomalous areas, to reocognize base=metal regionn, and to ald {n identi-
fying mineral asnoeintlona (Bevth ot al, 19805 Planner, 19A0Y,  Speh studien
greatly emphanize aome of the potential veen of HASR data.  Other potent {al
unea lnelade trace=element characterization of minaral deponita, water gquality
atudien, resoures characteeizationn, and compilation of a nat ional geachemiend
nt.lan,

The LADL HESR program han been developed to ald In oo nat fonal araninam
renourer  svaluat.ion, Rechnne . many  elements are anadyeed in addftion 1o
wraniam and  beeaunn Lhe LADL program employa atandard geachemieal  soampd e
Lechniques  and  analvbieal  methodotogy, thia  program teochnology  eonld e
adopled for peglonal atudien off reonomie commoditlen In almoat any coantry,
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